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(54)  Self  stabilising  cathode 

(57)  A  virtual  remote  cathode  has  the  position  of  a 
space  charge  cloud  associated  with  it  fixed  by  the  ge- 
ometry  of  a  fixed  insulating  plate  (902).  The  plate  (902) 
can  be  made  to  accurate  dimensions  and  hence  the  vir- 
tual  remote  cathode  to  control  grid  (502)  distance  can 

be  accurately  controlled  and  will  not  change  as  a  result 
of  any  mechanical,  electrical  or  physical  changes  in  the 
construction.  The  fixed  insulating  plate  (902)  is  located 
on  a  surface  of  the  control  grid  (502)  facing  the  cathode 
(510). 
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Description 

Flat  panel  electron  beam  displays  comprise  a  cath- 
ode  and  an  anode  contained  in  an  evacuated  envelope. 
In  operation,  the  cathode  is  held  at  a  negative  potential 
relative  to  the  anode.  Electrons  are  emitted  from  the 
cathode.  The  potential  difference  between  the  cathode 
and  the  anode  accelerates  the  emitted  electrons  from 
the  cathode  towards  the  anode.  The  emitted  electrons 
are  formed,  within  the  display,  into  electron  beams.  A 
beam  current  thus  flows  between  the  anode  and  the 
cathode.  In  flat  panel  electron  beam  displays  a  matrix 
arrangement  is  disposed  between  the  cathode  and  the 
anode.  The  matrix  arrangement  is  formed  by  a  pair  of 
"combs"  placed  at  right  angles  to  each  other.  These  are 
commonly  referred  to  as  rows  and  columns.  Each  pixel 
or  subpixel  lies  at  the  intersection  of  a  row  and  a  column. 
Each  of  the  combs  has  many  separate  elements  (rows 
or  columns).  In  operation,  a  control  voltage  is  applied  to 
each  element  of  each  of  the  combs.  The  control  voltage 
applied  to  each  element  imposes  an  electrostatic  force 
on  the  electron  beam  associated  with  that  element.  The 
electron  beam  current  associated  with  that  element  can 
be  adjusted  by  adjusting  the  control  voltage. 

Matrix  driven  flat  CRT  displays  require  the  use  of 
an  area  cathode  to  provide  a  uniform  source  of  electrons 
to  each  pixel  aperture.  Field  emission  electron  sources 
such  as  Metal-lnsulator-Metal  (MIM),  Printable  Field 
Emitter  (PFE)  and  Field  Emission  Devices  (FED)  do  not 
require  heating,  but  are  non  space  charge  limited  and 
suffer  from  problems  of  uniformity  and  instability  that  re- 
quire  some  form  of  smoothing  to  make  their  use  practi- 
cal. 

Thermionic  cathodes  are  excellent  sources  of  elec- 
trons.  Thermionic  remote  virtual  cathodes  are  known  in 
the  prior  art.  They  form  a  uniform  planar  space  charge 
cloud  remote  from  the  hot  filaments,  but  these  have 
problems  of  sensitivity  to  constructional  tolerances,  to 
ageing  of  the  oxide  cathodes  and  to  voltage  variations 
on  control  grids. 

In  accordance  with  the  present  invention,  there  is 
now  provided  an  electron  source  comprising  cathode 
means,  a  collimation  block  and  control  grid  means 
wherein  the  control  grid  means  controls  a  flow  of  elec- 
trons  from  the  cathode  means  to  the  collimation  block 
and  the  collimation  block  forms  electrons  received  from 
the  cathode  means  into  one  or  more  electron  beams  for 
guidance  towards  a  target,  the  collimation  block  having 
an  insulating  plate  located  on  a  side  facing  the  cathode 
means,  the  surface  of  the  flat  insulated  plate  facing  the 
cathode  being  at  a  predetermined  distance  from  the 
control  grid  and  being  perforated  with  one  or  more  ap- 
ertures  for  each  of  the  one  or  more  electron  beams. 

The  use  of  a  self  charged  insulating  plate  provides 
a  thermionic  remote  virtual  cathode  which  is  self  stabil- 
ising.  This  offers  the  ability  to  minimise  constructional 
tolerance  sensitivity  and  to  eliminate  sensitivity  to  con- 
trol  grid  voltage  variations  and  cathode  ageing. 

An  isolated,  conducting  layer  is  preferably  coated 
on  the  surface  of  the  insulated  plate  facing  the  cathode. 
In  a  preferred  embodiment,  the  conducting  layer  may 
be  connected  to  a  controlled  leakage  resistance.  A  volt- 

5  age  measuring  device  may  be  connected  to  the  con- 
ducting  layer. 

Preferably,  the  cathode  means  comprises  a  thermi- 
onic  emission  device  and  the  collimation  block  compris- 
es  a  magnet. 

10  The  invention  also  provides  a  display  device  com- 
prising:  an  electron  source  as  described  above;  a 
screen  for  receiving  electrons  from  the  electron  source, 
the  screen  having  a  phosphor  coating  facing  the  side  of 
the  collimation  block  remote  from  the  cathode;  and 

is  means  for  supplying  control  signals  to  the  control  grid 
means  and  the  anode  means  to  selectively  control  flow 
of  electrons  from  the  cathode  to  the  phosphor  coating 
via  the  channels  thereby  to  produce  an  image  on  the 
screen. 

20  Also  provided  by  the  invention  is  a  computer  system 
comprising:  memory  means;  data  transfer  means  for 
transferring  data  to  and  from  the  memory  means;  proc- 
essor  means  for  processing  data  stored  in  the  memory 
means;  and  a  display  device  as  described  above  for  dis- 

25  playing  data  processed  by  the  processor  means. 
Preferred  embodiments  of  the  present  invention  will 

now  be  described,  by  way  of  example  only,  with  refer- 
ence  to  the  accompanying  drawings  in  which: 

30  Figure  1  is  a  diagram  of  a  typical  prior  art  indirectly 
heated  thermionic  cathode  of  the  type  used  in 
CRTs; 

Figure  2  is  a  graph  of  the  velocity  distribution  of 
35  electrons  emitted  from  the  cathode  of  figure  1  ; 

Figure  3  is  a  graph  of  the  potential  versus  distance 
from  the  cathode  of  a  typical  structure,  such  as  that 
of  figure  1  ; 

40 
Figure  4  is  a  graph  of  the  VI  characteristic  of  a  prior 
art  vacuum  diode; 

Figure  5  is  a  section  through  a  prior  art  flat  screen 
45  CRT  having  a  remote  virtual  cathode; 

Figure  6  is  a  view  of  a  prior  art  remote  virtual  cath- 
ode  designed  specifically  for  flat  matrix  driven 
CRTs; 

50 
Figure  7  is  a  cross-section  of  the  cathode  of  figure 
6  showing  the  path  of  one  electron; 

Figure  8  is  a  graph  of  the  potential  distributions  and 
55  electron  velocities  of  the  cathode  of  figure  7; 

Figure  9  is  a  cross-section  through  a  cathode  ac- 
cording  to  the  present  invention,  shown  when  first 

45 
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powered  on  and  with  no  picture  displayed;  and  crease; 
the  pot 

Figure  1  0  is  a  cross-section  through  a  cathode  ac-  to  its  p 
cording  to  the  present  invention,  shown  in  an  equi-  is  no  Ic 
librium  state.  s  cathod' 

and  the 
Figure  1  shows  a  typical  indirectly  heated  thermion-  ing  in  £ 

ic  cathode  100  of  the  type  used  in  conventional  CRTs.  such  th 
A  metal  sleeve  1  02,  typically  Nickel,  is  held  at  zero  volts  ity  f  rorr 
and  indirectly  heated  by  a  heater  1  06  so  that  the  1  00u.m  10  is  refer 
thick  oxide  coating  1  04  reaches  about  750  °C.  An  elec-  In 
trical  insulator  108  is  present  between  the  heater  106  tential 
and  the  metal  sleeve  102.  The  oxide  coating  104  typi-  dimens 
cally  consists  of  a  mixture  of  the  oxides  of  Barium,  Stron-  ciatedt 
tium  and  Calcium,  and  at  temperatures  high  enough  for  15  112  will 
the  thermal  energy  of  the  electrons  to  exceed  the  sur-  of  the  £ 
face  workfunction  (typically  1  .5  eV)  emits  copious  quan-  from  th 
tities  of  electrons.  The  cathode  assembly  is  typically  po-  ity  elec 
sitioned  200  urn  from  a  control  electrode  or  Grid  1  (110).  theirve 
The  electrons  form  a  space  charge  electron  cloud  112  20  the  be£ 
positioned  about  30  urn  from  the  oxide  1  04  of  the  metal  deliben 
sleeve  102.  Further  details  of  a  cathode  of  the  type  emissic 
shown  in  figure  1  can  be  found  in  D  A  Wright,  "A  survey  from  th 
of  the  present  knowledge  of  thermionic  emitters",  Proc  the  catl 
IRE,  1952,  pp.  125-1  42.  25  ther  thi 

Figure  2  shows  a  graph  of  the  velocity  distribution  2%  of  tl 
of  electrons  emitted  from  the  thermionic  cathode  of  fig-  start  of 
ure  1  .  The  electrons  are  emitted  with  a  Maxwellian  ve-  emit  el( 
locity  distribution.  In  this  thermionic  cathode,  90%  of  constai 
electrons  are  emitted  with  velocities  below  0.5  eV.  30  nitude 

and  he 
Space  Charge  if  the  be 

extract' 
Of  great  importance  in  the  operation  of  the  cathode  (measi 

of  figure  1  is  the  space  charge  effect  due  to  the  intrinsic  35  Fic 
charge  of  the  emitted  electrons.  At  the  normal  operating  rent  (la 
temperature  of  the  cathode,  the  number  of  electrons  402-40 
produced  is  so  large  that  the  local  potential  is  signifi-  the  ma 
cantly  depressed,  and  hence  the  effective  field  at  the  temper 
cathode  is  reduced.  Cathodes  are  normally  operated  in  40  in  1 
a  space  charge  limited  mode,  in  which  the  emission  tern-  be  app 
perature  is  sufficient  to  produce  a  potential  minimum  a  Child-L 
short  distance  from  the  cathode,  hence  masking  local 
emission  variations  from  the  physical  cathode  surface. 
Electrons  are  drawn  from  a  "virtual  cathode",  which  is  45 
located  at  this  potential  minimum. 

Figure  3  illustrates  the  effect  with  a  curve  from  a 
diode  simulation.  Line  302  shows  the  local  potential  at  where 
varying  distance  from  the  outer  surface  of  the  oxide 
coating  1  04  of  the  cathode  1  00.  The  space  charge  pro-  so 
duces  a  retarding  field  at  the  cathode,  and  only  those 
electrons  emitted  with  sufficient  energy  to  allow  them  to 
overcome  the  potential  minimum  can  now  reach  the  an- 
ode.  Further  discussion  of  the  effects  of  space  charge 
can  be  found  in  KRSpangenberg,  "Vacuum  Tubes",  Mc-  55 
Graw-Hill,  1  948,  pp.  1  68-200.  A  further  increase  in  cath- 
ode  temperature  above  that  needed  to  produce  a  po-  ande0 
tential  minimum  a  short  distance  from  the  cathode  in-  area,  d 

creases  the  space  charge  density  and  further  depresses 
the  potential  until  it  is  just  sufficient  to  limit  the  current 
to  its  previous  value.  Thus  the  electron  current  flowing 
is  no  longer  a  function  of  the  emission  capability  of  the 
cathode,  but  becomes  dependant  on  the  anode  voltage 
and  the  geometry  only.  The  device  is  said  to  be  operat- 
ing  in  a  "space  charge"  limited  condition.  The  effect  is 
such  that  electrons  appear  to  be  produced  at  low  veloc- 
ity  from  a  point  in  space  just  in  front  of  the  cathode;  this 
is  referred  to  as  the  "virtual  cathode". 

In  figure  1,  the  space  charge  cloud  112  at  the  po- 
tential  minimum  -  the  virtual  cathode  -  is  shown,  with 
dimensions  typical  of  a  colour  CRT.  It  should  be  appre- 
ciated  that  the  electrons  emitted  from  the  virtual  cathode 
1  1  2  will  have  thermal  velocities  taken  from  only  a  portion 
of  the  spread  of  thermal  velocities  of  electrons  emitted 
from  the  cathode  surface;  in  fact  only  the  highest  veloc- 
ity  electrons  will  be  extracted,  and  these  will  have  had 
their  velocity  reduced  to  close  to  zero.  This  is  because 
the  beam  current  extracted  from  the  virtual  cathode  is 
deliberately  chosen  to  be  only  a  small  fraction  of  the  total 
emission  electrons.  Those  electrons  not  taken  away 
from  the  virtual  cathode  in  beam  current  drop  back  to 
the  cathode,  to  be  replaced  in  an  endless  cycle  by  fur- 
ther  thermal  electrons.  In  a  typical  CRT,  only  perhaps 
2%  of  the  electrons  are  extracted  as  beam  current  at  the 
start  of  life  of  the  CRT.  As  a  cathode  ages,  its  ability  to 
emit  electrons  diminishes,  and  so  the  effective  emission 
constant  drops.  This  has  the  effect  of  reducing  the  mag- 
nitude  of  the  potential  minimum  (because  the  electron 
and  hence  the  space  charge  density  drops)  and  hence 
if  the  beam  current  is  kept  constant  then  the  percentage 
extracted  rises  and  so  does  the  thermal  velocity  spread 
(measured  in  ev)  of  the  extracted  electrons. 

Figure  4  shows  the  anode  voltage  (Va)  versus  cur- 
rent  (la)  characteristic  of  a  vacuum  diode.  The  four  lines 
402-408  shown  are  for  different  cathode  temperatures, 
the  maximum  anode  current  increasing  as  the  cathode 
temperature  increases. 

In  the  space  charge  limited  region  the  current  may 
be  approximately  calculated  (in  one  dimension)  by  the 
Child-Langmuir  law: 

l=KV, 

K=- 
4enA 
9 d :  

2 e  
m 

and  e0  is  the  permittivity  of  free  space,  A  is  the  emission 
area,  d  is  the  distance  from  the  virtual  cathode  to  the 

3 
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anode,  e  is  the  charge  on  an  electron  and  m  is  the  mass 
of  the  electron.  Similarly  the  current  density  (J)  : 

J= -  
4en 2 e  

m 

Note  that  this  equation  assumes  that  electron  emis- 
sion  from  the  cathode  is  unlimited;  as  the  fraction  of 
beam  current  extracted  increases,  or  as  emission  re- 
duces  with  age,  so  deviations  occur  from  the  three 
halves  power  law,  and  this  is  the  prime  effect  coming 
from  CRT  cathode  ageing.  This  effect  is  described  fur- 
ther  in  G  H  Metson,  "On  the  electrical  life  of  an  oxide 
cathode  receiving  tube",  p.  408. 

Remote  virtual  cathodes 

Figure  5  shows  a  flat  screen  CRT  with  cathode  fil- 
aments  510  and  associated  local  virtual  cathodes  512. 
Also  shown  in  figure  5  are  control  grids  502,  a  collima- 
tion  block  506  and  a  phosphor  screen  504.  In  the  flat 
CRT  of  figure  5,  it  is  required  to  place  a  flat  plane  or 
volume  of  electrons  just  under  the  matrix  control  grids 
502.  Hot  oxide  coated  filaments  510  create  local  virtual 
cathodes  51  2  under  space  charge  limited  conditions  as 
described  previously.  Another  virtual  cathode  508 
needs  to  be  created  as  a  composite  of  all  the  local  ones 
512,  but  remote  from  the  hot  filaments  510  at  a  prede- 
termined  distance  from  the  control  grids  502.  This  virtual 
cathode  508  will  be  called  the  "Remote  Virtual  Cath- 
ode".  A  second  requirement  is  to  make  the  remote  vir- 
tual  cathode  508  of  uniform  electron  density  and  at  a 
fixed  distance  from  the  control  grids  502  (because  it  is 
this  distance  which  becomes  the  cathode  to  grid  spacing 
in  the  matrix  electron  guns  of  the  flat  CRT). 

Remote  virtual  cathodes  were  developed  in  the 
1930  timeframe  for  use  in  beam  power  valves.  This  is 
described  in  K  R  Spangenberg,  "Vacuum  Tubes",  Mc- 
Graw-Hill,  1948,  pp  248-265.  Figure  10.12  on  p  262  of 
this  reference  gives  a  diagram  of  the  grids  of  such  a 
valve,  with  the  field  potentials.  The  construction  is  a  tet- 
rode  arrangement,  with  the  potentials  and  geometries 
of  the  grids  arranged  so  as  to  create  a  potential  mini- 
mum  between  the  screen  grid  and  the  anode  by  slowing 
the  electrons  and  so  increasing  the  electron  density.  A 
basic  requirement  in  order  to  create  such  a  character- 
istic  was  to  produce  a  very  nearly  parallel  flow  of  elec- 
trons,  and  hence  the  electron  density  at  the  remote  vir- 
tual  cathode  was  also  very  uniform.  There  is,  of  course, 
no  matrix  of  control  grids  as  the  anode  target,  but  it  is 
only  this  factor  that  distinguishes  the  topology  of  remote 
virtual  cathodes  subsequently  designed  for  flat  CRTs 
from  the  beam  power  tetrode.  In  summary,  if  an  extrac- 
tor  grid  is  arranged  to  produce  a  nearly  parallel  flow  of 
electrons  from  a  cathode,  and  if  the  voltages  on  the  grids 
are  correctly  chosen,  then  a  remote  virtual  cathode  with 

a  uniform  volume  of  electrons  at  a  uniform  potential  in 
a  dense  space  charge  limited  cloud  will  be  formed. 

An  example  of  a  remote  virtual  cathode  designed 
specifically  for  flat  matrix  driven  CRTs  from  Source 

5  Technology  Corporation  can  be  found  in  EP  A2  0  213 
839  and  F  G  Oess,  "The  uniform  remote  virtual  cathode 
system",  SID  Digest  1994.  The  Source  Technology  cath- 
ode  is  illustrated  in  figure  6  of  the  present  application, 
taken  from  figure  2  of  EP  A2  0  21  3  839.  A  further  exam- 

10  pie  of  a  remote  virtual  cathode  designed  specifically  for 
flat  matrix  driven  CRTs  from  Samsung  can  be  found  in 
US  Patent  5,272,41  9. 

Figure  6  shows  a  partially  broken  away,  exploded, 
perspective  view  of  a  flat  CRT.  The  flat  CRT  has  a  glass 

is  screen  608  having  a  phosphor  coating  610.  The  extrac- 
tion  grid  602  creates  a  uniform  flow  of  electrons  from  the 
local  virtual  cathodes  of  the  hot  wire  oxide  coated  fila- 
ments  604.  A  glass  substrate  612  is  located  at  the  rear 
of  the  hot  wire  oxide  coated  filaments  604  and  has  a 

20  deflector  backing  614.  The  control  grids  606  are  ar- 
ranged  to  be  at,  or  slightly  lower  than,  the  cathode  volt- 
age  (identical  to  the  screen/anode  grid  potential  ar- 
rangement  in  the  beam  power  valve),  so  that  the  elec- 
trons  are  slowed  and  then  reversed  near  the  control 

25  grids  606.  This  slowing  causes  an  increase  in  the  elec- 
tron  density  (at  702  in  figure  7)  and  hence  a  remote  vir- 
tual  cathode  and  a  potential  minimum. 

If  the  extraction  grid  602  has  a  high  enough  trans- 
mission  then  most  electrons  will  reach  this  point,  and 

30  will  then  be  reflected  back  and  forward  until  absorbed 
by  the  extractor  grid  602.  The  increase  in  the  electron 
density  caused  by  the  slowing  of  the  electrons  is  shown 
in  figure  7  as  the  bands  of  electrons  702  near  the  control 
grids  and  704  near  the  deflector  backing.  The  path  706 

35  of  a  typical  electron  is  shown.  In  operation  in  a  CRT,  the 
control  grids  606  will  be  taken  slightly  positive  at  a  pixel 
which  is  switched  on,  and  hence  current  will  be  extract- 
ed  from  the  remote  virtual  cathode  and  directed  towards 
the  phosphor  screen  610.  This  cathode  has  been  dem- 

40  onstrated  in  operation  in  a  prototype  flat  CRT  by  Source 
Technology. 

The  Source  Technology  remote  virtual  cathode, 
therefore,  is  a  direct  application  of  the  early  beam  power 
valve  topologies  to  a  flat  CRT.  The  equations  of  electron 

45  flow  will  be  governed  by  the  Child-Langmuir  law  and, 
neglecting  the  constant  losses  in  the  extractor  grid  602 
and  the  current  extracted  by  "on"  pixels,  the  current  den- 
sity  on  the  filament  604  side  of  the  extractor  grid  602 
must  be  the  same  as  on  the  control  grid  606  side.  Non 

so  uniformity  in  current  density  caused  by,  for  example,  grid 
structure  mechanical  tolerances,  or  control  grid  voltage 
variations,  will  be  averaged  out  in  the  space  charge  flow, 
since  any  local  variation  in  the  potential  distribution  in 
the  space  charge  cloud  will  cause  electrons  to  redistrib- 

55  ute  themselves  in  space  to  cancel  the  effect. 
Although  variations  in  spacings  or  voltages  will  not 

cause  a  change  in  the  remote  cathode  uniformity  (at 
least  to  a  first  order),  they  will  cause  a  change  in  the 

4 
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position  of  the  remote  virtual  cathode  relative  to  the  con- 
trol  grids,  and  this  is  an  important  parameter  in  the  CRT 
electron  gun  equation  affecting  the  beam  current  mod- 
ulation  and  hence  screen  brightness.  Voltages  can  be 
precisely  regulated,  but  mechanical  tolerances  are  less 
easily  controlled,  and  electrode  spacing  changes  are 
bound  to  occur  as  the  cathode  filaments  heat  up  to  their 
operating  temperature  of  about  750°C. 

For  example,  consider  a  design  with  a  filament  604 
to  extractor  grid  602  and  an  extractor  grid  602  to  control 
grid  606  spacing,  each  of  1  mm,  and  an  extractor  grid 
voltage  of  10  v.  The  potential  distributions  and  electron 
velocities  are  illustrated  in  figure  8.  The  wire  filaments 
604  for  the  cathode  are  located  at  the  left  hand  side  of 
figure  8.  The  control  grids  606  are  located  at  the  right 
hand  side  of  figure  8.  Shown  at  the  centre  of  figure  8  is 
the  peak  electron  potential  and  the  peak  electron  veloc- 
ity,  which  is  at  the  extractor  grid  602  location.  The  dis- 
tance  between  the  wire  filaments  (604  in  figure  6)  and 
the  potential  minimum  corresponding  to  the  local  remote 
cathode  is  shown  as  xL,  the  distance  between  this  po- 
tential  minimum  and  the  potential  maximum  (802)  at  the 
extractor  grid  is  shown  as  x0.  The  distance  between  the 
control  grids  (502  in  figure  5)  and  the  potential  minimum 
corresponding  to  the  remote  virtual  cathode  (508  in  fig- 
ure  5)  is  shown  as  xR,  the  distance  between  this  poten- 
tial  minimum  and  the  potential  maximum  at  602  is  shown 
as  x-|  .  The  electron  velocity  is  shown  by  the  line  labelled 
810  and  the  voltage  is  shown  by  the  line  labelled  812. 
VxL  is  the  voltage  at  the  potential  minimum  at  the  local 
virtual  cathode  512.  Vacc  is  the  potential  at  the  potential 
maximum  which  is  located  at  the  extractor  grid  602. 

On  the  input  side,  that  is  from  the  wire  filaments  604 
to  the  potential  maximum  at  602: 

K  (vaoc-v  4  

xo 

If  vx1  =  -1  .5  V,  Vacc  =  10  V,  x0  =  1  mm,  then  the  current 
density,  J  =  38.9984  K. 

To  a  first  order,  J  on  the  output  side  must  be  the 
same,  neglecting  transmission  losses  in  the  extractor 
grid  602.  The  density  of  electrons  is  determined  by  the 
number  of  electrons  (set  by  J)  and  the  volume  of  space 
which  they  occupy.  Hence  the  density  of  electrons  on 
the  output  side  will  be  determined  by  the  spacing  of  the 
extractor  grid  to  the  control  grids.  This  assumes  that  the 
control  grids  are  at  0  volts.  Space  charge  due  to  the  elec- 
tron  density  will  cause  a  reduction  in  local  voltage  and 
therefore  the  slope  of  the  voltage  curve  on  the  output 
side  will  be  determined  by  this  spacing.  However,  the 
peak  negative  value  of  the  remote  virtual  cathode  volt- 
age  cannot  change  (electrons  at  both  the  local  and  re- 
mote  cathodes  are  at  zero  electron  volts  potential).  The 
overall  result  is  that  the  position  of  the  remote  virtual 
cathode  moves  towards  the  extractor  grid  and  broadens 

in  width. 
It  should  also  be  apparent  that  variations  in  the  con- 

trol  grid  606  voltage  will  affect  xR;  making  the  voltage 
more  negative  will  push  the  remote  virtual  cathode  508 

5  back  towards  the  extraction  grid  (602  in  figure  6). 
A  further  parameter  affecting  the  position  of  the  re- 

mote  virtual  cathode  508  is  the  effect  of  cathode  510 
ageing.  This  causes  the  emission  constant  to  reduce, 
and  hence  the  total  number  of  electrons  emitted  reduc- 

10  es.  In  addition,  as  cathodes  510  age,  material  (in  partic- 
ular  Barium)  is  evaporated,  and  the  cathode  51  0  to  con- 
trol  grid  502  distance  increases.  The  result  of  these  two 
effects  in  a  remote  virtual  cathode  system  is  to  increase 
the  cathode  510  to  extractor  grid  (602  in  figure  6)  dis- 

15  tance  (i.e.  x0)  and  to  broaden  the  width  of  the  local  virtual 
cathode  512  space  charge  cloud.  At  the  remote  virtual 
cathode  position  this  will  be  seen  as  a  movement  of  the 
virtual  cathode  plane  away  from  the  control  grids. 

A  prior  art  remote  virtual  cathode  as  described 
20  above  is  not  self-stabilising.  It  is  subject  to  considerable 

constructional  tolerance  sensitivity  and  to  control  grid 
voltage  variations.  It  is  also  subject  to  cathode  ageing 
changing  the  characteristics. 

In  the  basic  remote  virtual  cathode  topology,  the  po- 
sition  of  the  remote  virtual  cathode  space  charge  cloud 
is  not  fixed;  it  is  at  a  variable  distance,  xR,  from  the  con- 

so  trol  grids.  Because  the  position  is  not  fixed  it  becomes 
susceptible  to  mechanical  and  cathode  tolerances  as 
previously  described. 

In  a  preferred  embodiment,  the  collimation  block  is 
a  permanent  magnet  perforated  by  a  plurality  of  chan- 

35  nels  extending  between  opposite  poles  of  the  magnet 
wherein  each  channel  forms  electrons  received  from  the 
cathode  means  into  an  electron  beam  for  guidance  to- 
wards  a  target.  However,  other  types  of  collimation 
blocks  may  be  used,  such  as  the  conventional  types  of 

40  electrostatic  collimation  block  well  known  in  the  art. 
In  the  present  invention,  illustrated  in  figures  9  and 

10,  an  insulating  plate  902  is  placed  at  a  fixed  distance 
from  the  control  grids  502.  The  insulating  plate  902  is 
perforated  with  an  aperture  per  pixel.  Preferably  this  is 

45  simply  a  ceramic  plate  attached  directly  on  the  under- 
side  of  a  magnet  used  for  the  collimation  block  506.  The 
collimation  block  is  typically  1  to  5  mm  thick,  the  grids 
are  of  the  order  of  a  few  urn  and  the  insulator  is  typically 
less  than  50  urn  thick.  Since  the  cathode  510  plane  is 

so  typically  100  -  200  urn  from  the  control  grids  502,  it  is 
easy  to  make  this  to  very  high  accuracy,  particularly  over 
short  lateral  distances,  as  is  the  requirement  in  a  display. 
The  filaments  510  and  extractor  grid  514  are  conven- 
tionally  placed. 

55  When  power  is  first  applied  to  the  display  (at  start 
up),  it  is  necessary  that  the  plate  902  be  in  a  field  suffi- 
ciently  positive  to  ensure  that  all  electrons  strike  the  in- 
sulating  plate  902,  that  is  the  field  at  the  plate  must  be 

25  A  self  stabilising  virtual  cathode  configuration 

5 
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more  positive  than  the  local  virtual  cathode  512.  Since 
the  field  at  the  virtual  cathode  is  negative,  then  a  voltage 
of  zero  volts  at  the  insulating  plate  is  suitable.  Control 
elements  later  in  the  display,  such  as  the  first  anode, 
can  be  used  to  ensure  that  there  is  no  picture  on  the 
screen  during  the  few  seconds  necessary  for  heater 
warm  up  and  cathode  stabilisation  as  is  well  known  in 
the  art  of  CRT  design  and  manufacture.  Figure  9  shows 
the  conditions  when  power  is  first  applied  to  the  cathode 
and  the  control  grids  502  are  set  to  a  positive  voltage  to 
attract  electrons.  Electrons  are  emitted  from  the  cathode 
510  filaments  and  pass  through  the  extraction  grid  514 
towards  the  control  grid  502. 

As  time  goes  on,  electrons  will  be  attracted  to  the 
insulating  plate  902  and  gradually  build  up  a  surface 
charge.  The  charge  density  created  on  the  surface  of 
the  insulating  plate  902  will  give  rise  to  a  surface  poten- 
tial,  and  this  must  reach  an  equilibrium  condition  in 
which  a  negative  value  of  surface  potential  is  achieved 
that  eventually  just  turns  back  all  electrons  towards  the 
extraction  grid.  This  is  now  an  equilibrium  for  static  con- 
ditions  and  is  shown  in  figure  10.  The  path  of  a  typical 
electron  is  shown  in  figure  1  0  identified  by  the  reference 
numeral  1002.  After  the  operating  conditions  have  sta- 
bilised,  the  control  grids  must  be  taken  to  their  normal 
operating  voltages. 

We  now  have  a  self  stabilised  virtual  remote  cath- 
ode  operating  with  electron  paths  which  are  the  same 
as  in  the  conventional  arrangement,  but  with  the  virtual 
remote  cathode  plane  precisely  fixed  by  the  geometry 
of  the  insulating  plate,  since  the  underside  of  the  plate 
is  the  point  of  grazing  incidence  to  the  most  forward  po- 
sition  of  the  space  charge  cloud.  Whatever  happens  to 
geometries,  voltages  and  cathode  ageing  in  the  rest  of 
the  cathode,  this  point  will  always  be  fixed  if  conditions 
remain  static. 

Dynamic  conditions 

The  simple  scheme  outlined  above  has  some  prob- 
lems  when  dynamic  conditions  are  considered.  First, 
when  the  control  grids  are  switched  from  zero  volts  after 
start  up  to  their  normal  operating  negative  voltage  of 
about  -3  v,  the  capacitive  pulse  this  generates  will  be 
transferred  to  the  charged  side  of  the  insulating  plate 
and  hence  the  remote  virtual  cathode  electrons  will 
move  away  from  the  plate. 

When  voltages  on  the  control  grids  502  are 
switched  during  operation,  the  capacitance  between  the 
grids  (primarily  grid  1)  and  the  electron  charge  on  the 
base  of  the  insulating  plate  902  may  cause  the  attraction 
of  further  electrons  if  there  is  any  imbalance  between 
one  grid  switching  positive  and  the  next  switching  neg- 
ative.  This  will  change  the  local  voltage  set  up  on  the 
insulating  plate  902.  Also,  if  charge  leakage  from  the  in- 
sulating  plate  902  is  low  (as  would  be  expected),  then 
any  dynamic  change  in  the  cathode  510  (e.g.  a  change 
in  the  position  of  the  extractor  grid  514)  requiring  that 

there  be  less  charge  on  the  insulating  plate  902  would 
not  be  acted  on  immediately.  Further,  there  is  the  pos- 
sibility  that  local  charge  accumulation  on  the  insulating 
plate  902  will  not  be  uniform,  resulting  in  a  non  uniform 

5  virtual  cathode  51  0  to  insulating  plate  902  distance. 
In  a  preferred  embodiment,  these  effects  can  be 

corrected  by  various  critical  changes  described  below. 
The  underside  of  the  insulating  plate  902  can  be 

coated  with  a  conducting  surface,  such  as  a  deposition 
10  of  a  thin  metal  layer  (by  sputtering,  evaporation  or  elec- 

troless  plating)  so  that  local  charge  changes  are  pre- 
vented,  and  the  surface  of  the  insulating  plate  will  al- 
ways  have  a  uniform  potential.  Note  that  this  layer  can 
be  made  highly  reflective  so  as  to  reflect  the  infra  red 

is  radiation  from  the  cathodes  510  back  onto  a  blackened 
absorbing  rear  surface  so  as  to  minimise  the  heating  of 
the  collimation  block,  which  in  the  case  of  the  preferred 
embodiment  is  a  magnet. 

The  metal  layer  can  be  connected  via  a  high  resist- 
20  ance  path  to  ground,  so  that  charge  can  leak  away  in  a 

controlled  manner  and  allow  the  insulating  plate  902 
voltage  to  respond  to  reductions  as  well  as  increases  in 
electron  accumulation.  Note  that  this  resistance  path 
would  be  a  high  value  (in  the  order  of  hundreds  of  Meg- 

25  Ohms),  so  that  charge  accumulation  is  still  effective. 
The  dynamic  changes  such  as  extractor  grid  514  posi- 
tion  movements  due  to  thermal  warm  up  are  long  time 
constants  (for  example  the  thermal  expansion  of  gun  el- 
ements  due  to  heater  power  in  a  conventional  CRT 

30  takes  on  the  order  of  20  minutes)  so  that  a  high  leakage 
resistance  is  appropriate.  There  will  be  a  constant  cur- 
rent  taken  from  the  electron  source  with  this  resistance 
in  place,  but  it  will  be  very  small. 

Start  up  of  the  electron  source  can  be  simplified  by 
35  the  presence  of  a  conducting  layer  on  the  surface  of  the 

insulating  layer  facing  away  from  the  control  grids.  The 
conducting  layer  is  connected,  via  a  high  resistance 
connection,  or  via  an  initial  charging  circuit,  to  a  voltage 
more  positive  than  the  local  virtual  cathode.  Zero  volts 

40  is  suitable,  as  the  local  virtual  cathode  is  at  a  negative 
voltage,  but  a  fixed  positive  voltage  is  advantageous 
and  the  high  resistance  connection  could  be  taken  to 
this  point.  The  extractor  grid  voltage  is  a  suitable  fixed 
positive  voltage.  As  electrons  hit  the  conducting  layer, 

45  charge  accumulation  will  cause  a  uniform  potential  to 
build  up  as  previously  described  until  a  stable  condition 
is  achieved  with  all  electrons  turning  back  just  before 
striking  the  conducting  plate,  and  with  a  conducting 
plate  voltage  approximately  the  same  value  as  the  local 

so  virtual  cathode.  The  control  electrodes  located  on  the 
collimating  block  can  remain  at  their  normal  operating 
levels  with  this  configuration. 

A  step  by  step  description  of  the  start  up  and  oper- 
ation  of  an  electron  source  with  a  conducting  layer  on 

55  the  insulating  plate  connected  via  a  high  resistance  will 
now  be  given. 

6 
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Startup 

Step  1  -  The  cathode  filament  is  at  zero  volts  and  is 
cold.  The  control  grids  all  have  no  potential  applied. 

Step  2  -  The  cathode  has  power  applied.  The  ex- 
traction  grid  is  taken  to  about  +10  volts  in  order  for  it  to 
operate.  The  conducting  layer  is  taken  positive  by  either 
an  initialising  circuit  or  allowed  to  rise  positive  by  an  RC 
time  constant. 

Step  3  -  The  conducting  layer  stabilises  at  a  positive 
voltage. 

Step  4  -  The  cathode  filament  warms  up.  Initially, 
the  cathode  will  be  in  a  thermal  saturation  mode  and  all 
electrons  are  accelerated  towards  the  extractor  grid. 
Most  electrons  continue  past  the  extractor  grid  and  be- 
gin  decelerating  (at  a  rate  dependent  on  the  positive 
voltage  set  on  the  conducting  layer).  Electrons  strike  the 
conducting  layer,  and  the  layer  potential  begins  to  fall. 
Some  current  will  flow  through  the  high  resistance  con- 
nection,  but  not  sufficient  to  remove  all  the  electrons 
from  the  layer. 

Step  5  -  The  cathode  reaches  operating  tempera- 
ture  and  becomes  space  charge  limited.  The  conducting 
layer  potential  continues  to  fall  until  it  becomes  approx- 
imately  the  same  as  the  local  virtual  cathode  (typically 
-0.2  V).  Because  there  is  a  small  current  flowing  through 
the  high  resistance  connection,  some  electrons  contin- 
ue  to  strike  the  layer,  and  hence  the  layer  voltage  will 
be  a  few  mv  more  positive  than  the  local  virtual  cathode. 

Operation 

Step  6  -  Electrons  which  have  a  potential  of  nearly 
0  eVare  accelerated  away  from  the  local  virtual  cathode 
space  charge  cloud  by  the  extractor  grid.  Electrons 
which  miss  the  extractor  grid  wires  (around  95%  of  the 
electrons)  slow  down  as  they  approach  the  conducting 
layer  on  the  insulated  plate,  reach  a  potential  of  0  ev  just 
at  the  layer  surface,  stop  and  then  reverse  direction 
back  towards  the  extractor  grid.  Electrons  which  miss 
the  extractor  grid  wires  (around  95%  of  the  electrons) 
continue  until  they  are  slowed,  stopped  and  reversed 
near  the  cathode  filament  wires.  This  cycle  continuously 
repeats,  although  the  number  of  cycles  is  limited  by  the 
transmission  of  the  extractor  grid. 

Cathode  ageing 

A  further  problem  is  that  of  cathode  ageing.  In  an 
area  cathode  according  to  the  present  invention  there 
will  be  no  change  in  the  mean  position  of  the  remote 
cathode,  but  the  potential  of  the  insulating  plate  902  and 
the  width  of  the  space  charge  cloud  will  change.  This  is 
not  an  extra  problem,  as  the  equivalent  effect  occurs  in 
the  prior  art  designs,  but  the  new  design  allows  this  to 
be  controlled. 

The  potential  on  the  underside  of  the  insulated  plate 
902  is  a  function  of  the  following  parameters: 

Vplate~F(   ̂ 'filament'  TemP  filament'  PoSaccgriJ 

where  Vp|ate  is  the  voltage  on  the  insulating  plate,  VfNa. 
5  ment  and  Tempfi|ament  are  the  filament  voltage  and  tem- 

perature  respective  and  Posaccgrid  is  the  position  of  the 
extractor  grid. 

Because  we  have  access  to  Vp|ate  we  have  the  pos- 
sibility  to  use  this  in  a  feedback  arrangement  to  stabilise 

10  Opiate-  In  fact  this  potential  will  always  be  slightly  nega- 
tive  with  respect  to  the  filament  voltage  because  it  must 
be  sufficient  to  deflect  all  but  the  highest  eV  electrons 
extracted  from  the  local  virtual  cathode  512.  It  will  usu- 
ally  be  most  convenient  to  have  the  plate  at  zero  poten- 

15  tial  (to  make  the  driver  circuits  easier  to  design),  and  so 
a  slight  positive  voltage  on  the  cathode  filament  wires 
would  be  an  advantage. 

The  filament  voltage  VfNament  can  be  used  to  stabi- 
lise  the  plate  voltage,  but  an  additional  way  is  to  control 

20  the  filament  temperature  TempfNament.  This  has  been 
proposed  before  (using  data  from  actual  CRT  life  tests 
under  different  cathode  temperature  conditions)  in  con- 
ventional  CRTs  (see  IBM  Technical  Disclosure  Bulletin 
Vol.  29,  No.  9  Feb  1  987,  p.  3896)  as  a  counter  to  cathode 

25  ageing,  but  it  is  more  difficult  because  special  arrange- 
ments  have  to  be  made  to  measure  beam  current.  With 
plate  voltage  available,  measurement  becomes  very 
easy  (simply  a  high  impedance  electrometer  circuit, 
which  also  acts  as  the  controlled  leakage  path),  and  the 

30  voltage  is  fed  back  via  the  simplest  first  order  servo  cir- 
cuit  to  control  the  heater  power  and  hence  the  filament 
temperature.  Time  constants  in  such  a  servo  are  long  - 
several  minutes  -  so  that  stability  is  not  an  issue.  In  fact, 
in  a  further  preferred  embodiment,  both  filament  voltage 

35  and  heater  power  together  are  used  as  the  control,  with 
an  appropriate  percentage  of  each  determined  by  ex- 
periment.  The  objective  to  be  achieved  by  the  experi- 
mentation  is  beam  current  stability  and  hence  bright- 
ness  stability. 

40  To  understand  how  heater  power  can  affect  the  con- 
ditions,  it  should  be  appreciated  that  the  three  halves 
space  charge  limited  power  law  is  only  accurate  if  the 
emission  current  from  the  cathode  filament  is  unlimited. 
When  the  emission  current  is  limited  (and  this  drops  with 

45  cathode  ageing),  the  percentage  of  current  that  is  ex- 
tracted  from  the  local  virtual  cathode  becomes  impor- 
tant.  K  R  Spangenberg,  "Vacuum  Tubes",  McGraw-Hill, 
1948,  on  pages  192-193  gives  the  following  formulae 
for  the  position  and  value  of  the  local  virtual  cathode  po- 

50  tential  minimum  in  an  oxide  cathode  system: 

(XL+X0) 
L~  V  3/  o 1+(_|£?+1)/4(f-1)y2 

and 

55 
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^   =  (5^0)IO9ic,^ 

Where  T  is  the  emitter  temperature  in  °K  and  P  is  the 
fraction  of  current  extracted.  I  n  fact  there  is  also  an  effect 
of  temperature  on  xL  apart  from  the  VxL  factor  in  a  more 
exact  solution.  Note  that  (xL  +  x0)  is  in  fact  a  fixed  geo- 
metric  distance  between  the  wire  filaments  604  and  the 
extractor  grid  602. 

The  emission  from  a  thermionic  cathode  is  given  in 
D  A  Wright,  "A  survey  of  the  present  knowledge  of  ther- 
mionic  emitters",  Proc  IRE,  1952,  pp.  125-1  42  as: 

J—  A J-A0.l  e  kT 

Where  J  is  the  current  density  in  A/cm2,  A0  is  a  constant 
(typically  about  70  A/cm2-deg2  for  an  oxide  cathode  at 
start  of  life),  §  is  the  material  work  function  (typically  1  .5 
eVforan  oxide  cathode  at  1000°K)  and  kis  Boltzmann's 
constant  in  ev  (8.6  x  10"5). 

Increasing  T  increases  the  emission  current  density 
(and  also,  to  a  small  degree  the  velocity  spread)  of  the 
cathode,  and  increasing  the  emission  current  density  re- 
duces  the  P  fraction.  The  emission  current  density  is 
very  sensitive  to  temperature.  In  the  above  equation  an 
increase  of  37°K  will  double  the  value  of  J,  so  heater 
power  can  easily  be  used  to  compensate  for  a  reduction 
in  A0  over  life. 

The  area  cathode  of  the  present  invention  provides 
the  advantages  that  the  position  of  the  virtual  remote 
cathode  space  charge  cloud  is  fixed  by  the  geometry  of 
a  fixed  insulating  plate  which  can  be  made  to  accurate 
dimensions.  The  position  will  not  change  as  a  result  of 
any  mechanical,  electrical  or  physical  changes  in  the 
construction  other  than  the  plate.  The  electron  charge 
potential  built  up  on  the  under  side  of  the  plate  will  iso- 
late  the  cathode  from  fixed  values  of  the  control  grids, 
apart  from  the  desired  requirement  of  control  grid  ex- 
traction  voltages  pushing  through  the  plate  apertures. 
The  voltage  on  the  plate  can  be  measured  and  used  to 
eliminate  the  effects  of  geometry  changes  on  the  plate 
voltage,  and  the  effects  of  cathode  ageing. 

Claims 

1.  An  electron  source  comprising  cathode  means 
(510),  a  collimation  block  (506)  and  control  grid 
means  (502)  wherein  the  control  grid  means  con- 
trols  a  flow  of  electrons  from  the  cathode  means  to 
the  collimation  block  and  the  collimation  blockforms 
electrons  received  from  the  cathode  means  into  one 
or  more  electron  beams  for  guidance  towards  a  tar- 
get  (504),  the  collimation  block  having  an  insulated 
plate  located  on  a  surface  facing  the  cathode 
means,  the  surface  of  the  insulating  plate  (902)  fac- 
ing  the  cathode  being  at  a  predetermined  distance 

from  the  control  grid  and  being  perforated  with  one 
or  more  apertures  for  each  of  the  one  or  more  elec- 
tron  beams. 

5  2.  An  electron  source  as  claimed  in  claim  1,  wherein 
the  apertures  are  disposed  in  the  collimation  block 
(506)  in  a  two  dimensional  array  of  rows  and  col- 
umns. 

10  3.  An  electron  source  as  claimed  in  claim  1  further 
comprising  an  isolated,  conducting  layer  coated  on 
the  surface  of  the  flat  insulating  plate  (902)  facing 
the  cathode  (510). 

is  4.  An  electron  source  as  claimed  in  claim  3  further 
comprises  a  controlled  leakage  resistance  connect- 
ed  to  the  conducting  layer. 

5.  An  electron  source  as  claimed  in  claim  3  wherein 
20  the  cathode  means  (510)  includes  an  extractor  grid 

means  (514)  and  the  electron  source  further  com- 
prises  a  controlled  leakage  resistance  connected  to 
the  extractor  grid  means. 

25  6.  An  electron  source  as  claimed  in  claim  4  further 
comprising  a  voltage  measuring  device  connected 
to  the  conducting  layer. 

7.  An  electron  source  as  claimed  in  any  preceding 
30  claim,  wherein  the  cathode  means  (510)  comprises 

a  thermionic  emission  device. 

8.  An  electron  source  as  claimed  in  any  preceding 
claim,  wherein  the  collimation  block  (506)  compris- 

es  es  a  magnet. 

9.  A  display  device  comprising:  an  electron  source  as 
claimed  in  any  preceding  claim;  a  screen  (504)  for 
receiving  electrons  from  the  electron  source,  the 

40  screen  having  a  phosphor  coating  facing  the  side 
of  the  collimation  block  (506)  remote  from  the  cath- 
ode  (510);  and  means  for  supplying  control  signals 
to  the  control  grid  means  (502)  and  anode  means 
to  selectively  control  flow  of  electrons  from  the  cath- 

45  ode  to  the  phosphor  coating  via  the  channels  there- 
by  to  produce  an  image  on  the  screen. 

10.  A  computer  system  comprising:  memory  means; 
data  transfer  means  for  transferring  data  to  and 

so  from  the  memory  means;  processor  means  for 
processing  data  stored  in  the  memory  means;  and 
a  display  device  as  claimed  in  claim  9  for  displaying 
data  processed  by  the  processor  means. 
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